Two propylene-bridged bis-benzotriazole ligands, 1 and 2, were used to obtain three novel 
Introduction
The use of linear and angular components for the controlled self-assembly of two-and threedimensional metallosupramolecular species has been the subject of considerable study in recent years. [1] The most commonly employed organic connecting components are rigid linear bridging heterocyclic ligands, such as pyrazine and 4,4'-bipyridine. More recently, flexible ligands have been employed in order to gain access to topologies not available from logical combination of rigid building blocks. The simplest way to introduce flexibility into ligand design is by the incorporation of alkyl chain spacer groups. For example, symmetrical ligands containing propylene spacer groups between 4-pyridyl-, [2] 8-quinolyloxy-, [3] 1-pyrazolyl-, [4] 1-triazolyl- [5] and 2-benzimidazolyl- [6] donor groups have recently been used for the construction of interesting new supramolecular architectures.
For some years now we have been involved in the synthesis and study of ligands containing less commonly studied heterocyclic ring systems. [7] One such heterocycle is benzotriazole, which is extensively used as a synthetic auxiliary in organic chemistry [8] but has been largely ignored by coordination chemists. The parent heterocycle can coordinate up to three metals in its deprotonated form, [9] with particular emphasis having been placed on copper complexes, due to the importance of benzotriazole as a corrosion inhibitor. [10] We have recently reported the incorporation of benzotriazole groups into a number of chelating ligands [11] and into a bidentate bridging ligand which forms a triple stranded helicate. [12] We now describe complexes of two symmetrical isomeric ligands, 1 and 2, which contain benzotriazole groups separated by flexible propylene spacer units 
Results and Discussion
The ligands 1 and 2 were prepared by reaction of benzotriazole with 1,3-dibromopropane in the presence of sodium hydroxide in DMSO solution, as previously described by Katritzky et al. [13] This reaction produces a mixture of the symmetrical 1,1'-and 2,2'-isomers, 1 and 2, along with the unsymmetrical 1,2'-isomer. The three isomers were separated by column chromatography on silica gel and recrystallized from absolute ethanol and their properties were in accord with those described previously. [13] However, ligand 1 has recently been described by other workers [14] who reported a 1 H NMR spectrum which we believe to be that of isomer 2. In order to resolve this discrepancy unambiguously, we carried out an X-ray crystal structure determination of the compound we identified as 2. Figure 2 shows a perspective view of the structure of this ligand, which is indeed the 2,2'-isomer, in agreement with the NMR assignment of Katritzky et al. [13] The compound crystallizes in the orthorhombic space group P2 1 2 1 2 1 with a complete molecule in the asymmetric unit. The bonding geometry of the benzotriazole rings is similar to that in other 2-alkylbenzotriazoles. [13, 15] In the solid state it adopts an unsymmetrical conformation about the central propylene spacer group. torsional angle = 179.6 (2) o ] and coordination by the less sterically hindered N3 nitrogens, as was observed for the CuCl 2 complex of the related ligand with a methylene spacer group. [11] As a result The benzotriazole rings are both coordinated through the N3 nitrogens in preference to the more sterically congested N2 nitrogens. Within the complex 4 the bridging ligand exists in a more compact conformation than was observed in 3. In particular the propylene bridge folds into a
, which is similar to that observed in a zinc(II) thiocyanate complex of the same ligand. [14] As a consequence, copper atoms bridged by the ligand 1 are separated by only 9.157(1) Å, much less than the metal-metal separation in 3.
((Figure 4 here))
The copper atom is five-coordinate, being bonded to two molecules of 1, that are related by a crystallographic glide plane, a terminal chlorine atom and two bridging chlorines that are related by a centre of inversion. The geometry of the copper is square pyramidal with a tau value [18] complexes. [7,10b,19] The bridging nature of the heterocyclic ligand serves to extend the structure in one dimension.
Further bridging by the chlorines results in orthogonal extension of the structure so as to produce a complicated two-dimensional network. Within this network there exists large 44-membered fused metallocyclic ring systems as M 6 L 4 units, one of which is shown in Figure 5 . A stabilising influence within this structure appears to come from π−π stacking between benzotriazole rings separated by complexes.
[20] Two molecules of ligand 2 bridge two copper atoms, thereby generating a 16-membered M 2 L 2 ring structure about a crystallographic centre of inversion. As shown in Figure 7 these rings further extend into a one-dimensional polymeric structure through the chloro bridges.
Once again, the extended structure appears to be stabilised by π−π stacking interactions across the Cu 2 Cl 2 units between adjacent benzotriazole systems, whose mean-planes are separated by ca. 3.5 Å.
(( Figure 7 here))
Conclusion
The present study has shown that benzotriazole is a useful heterocyclic ring system for incorporation into bridging ligands. The bidentate ligands 1 and 2, having flexible propylene linkers, generate one-and two-dimensional coordination polymeric networks with copper and cobalt chlorides.
Experimental General Procedures and Ligand Syntheses
NMR spectra were recorded on a Varian Unity 300 spectrometer with a 3 mm probe and operating at 300 MHz and 75 MHz for 1 H and 13 C, respectively. Melting points were determined 6 using an Electrothermal melting point apparatus and are uncorrected. Elemental analyses were performed by the Campbell Microanalytical laboratory at the University of Otago.
The ligands were prepared according to the procedure of Katritzky et al. [13] This gave a mixture of 1 [m.p. 139-139.5 o C (lit. [13] 119-121 o C)], 2 [119-121 o C (lit. [13] 116-118 o C)] and the unsymmetrical 1,2'-disubstituted isomer [80-81 o C (lit. [13] 83-83.5 o C)], which were separated by chromatography on silica gel and recrystallized from ethanol.
Preparation of Complexes
Cobalt(II) chloride complex of 1, viz 3. 
X-Ray Crystallography 7
Crystal data and experimental details of the data collections and structure refinements are listed in Table 1 . Data were collected with a Siemens SMART CCD area detector, using graphite monochromatised Mo Kα radiation (λ = 0.71073 Å). Almost complete spheres of data were collected. The structures were solved by direct methods using SHELXS, [21] and refined on F 2 using all data by full-matrix least-squares procedures with SHELXL-97. [22] Hydrogen atoms were included in calculated positions with isotropic displacement parameters 1. Table 1 . X-ray crystal data and details of data collections and structure refinements. 
